the medicine for its antiseptic properties [7] . In recent decades, several approaches have been proposed for applying MB and other photosensitizers in medicine and related industries, namely for the disinfection of blood, photochemotherapy, and photodynamic antimicrobial chemotherapy [10] . As MB possesses good electrochemical properties, it can be adsorbed onto single walled carbon nanotubes (SWCNT) to form electrochemically functional nanostructure and nanocomposite useful for the development of novel electronic nanodevices such as biosensors and photovoltaic cells [11] . MB molecular assemblies in various chemical systems have been extensively studied e.g. micelar systems [12] [13] , solutions of polyelectrolytes [14] [15] and colloid of clay minerals [16] . As the molecular aggregation and properties of dye molecular assemblies depends strongly on the properties of the interface [17] , study of the behavior of MB in the monolayer at air-water interface and also in the thin LB film at air-solid interface is of fundamental importance. Prieto and Giner-Casares independently studied the formation of LB films of MB mixed with dimyristoyl phosphatidic acid (DMPA) and reported their results in two different literatures [18] [19] . However, there is no report on the behavior of MB with arachidic acid in the LM and LB film. The molecular structure of phospholipid (dimyristoyl phosphatidic acid, DMPA) is similar to that of fatty acid (AA), but with some differences: DMPA has two aliphatic chains instead of one as in AA and also different head group. We have studied the mixed LB film of MB with a supporting matrix of different structure and checked the difference observed in the physico-chemical behavior of the mixed LB films of MB/AA and MB/ DMPA. This is the first report on the study of mixed LB film of MB and AA using AFM. This study was undertaken in order to reveal the adsorption behavior and organization of MB on the mixed monolayer film at the air-water interface. Here, MB-AA interaction was studied at the air--AA) LB films have been studied with respect to aqueous solution and microcrystal film of MB using absorption spectroscopic data. Moreover, the absorption spectrum of Layer by Layer (LbL) self assembled films of MB and poly acrylic acid (PAA) have been compared with mixed LB film of MB and AA. Surface morphology of the mixed (MB-AA) LB film and LbL film deposited onto silicon wafer were studied by AFM.
Experimental:
The molecular structures of MB, AA and PAA (Poly acrylic acid) are shown in fig. 5 .1.
These chemicals were purchased from Aldrich Chemical Company (U.S.A.) and used as received. Teflon-bar-barrier type LB trough (model 2007DC, Apex Instruments Co., India) was used for the preparation, characterization and deposition of mono and multilayer films. The subphase used throughout this study was double distilled water. The monolayer studies were conducted with distilled water. All the measurements were 
5.3: Surface pressure -A) isotherms:
The surface pressure versus area per molecule ( -A) process is easier for the planar dye molecules than the non-planar molecules [22] [23] .
The structure of MB dye which belongs to the phenothiazine group is similar to acridine dye has a planar structure; hence MB dye molecules experience aggregation at all surface pressure. According to the pressure-area isotherm studies, one possible explanation seems to be MB molecules were present among AA molecules such as MB-AA complex, MB aggregates or monomers as a result of electrostatic interactions between negatively charged head group of AA and cationic MB dye molecules. It is relevant to mention here that the previous study of MB with DMPA [18] reveals that area per molecule increases when MB is mixed with DMPA, our study of MB with AA gives a decrease in area per molecule upon adsorption of MB onto AA monolayer, which is a new result.
5.4: Adsorption kinetics:
-t) curve, first of all 150µl of AA (0.5mg/ml) in chloroform was spread at the air-water interface of the LB trough, then about 15 minutes are allowed to evaporate the highly volatile solvent chloroform. Then, a dilute solution of MB in water was spread on the preformed AA monolayer with the barrier fixed without disturbing the AA monolayer. As the cationic MB + ions come in contact with COOH group of AA, they start to interact with each other. As a result, a complex is formed which is manifested as an increase in surface pressure. The pressure of pure AA monolayers on air-water subphase does not increase with the passage of time and it is also observed that it remain parallel to the time axis. It indicates that AA form a stable monolayer at the air-water interface. When interaction starts increases. Surface pressure is reached to a maximum in the first 30min, then decreases to reach a pseudo-equilibrium value.
-t graph, it is observed initially the reaction takes place with higher speed, but when time is passed the reaction takes place slowly and become flat at the end. In this context, it is relevant to mention that there are several molecules viz poly (NIPAM) [24] , lysozyme [25] which showed such initial steep raising and flat plateau like region at the end of the reaction kinetics.
5.5:UV-Vis absorption spectroscopic study of (MB-AA) mixed LB film and (MB-

PAA) LbL film:
The UV Vis absorption spectra at room temperature of MB in distilled water It is well established that if in molecules sufficiently strong electronic transitions exist, the exciton splitting of excited states may be observed in molecules aggregates [28] [29] .
Typical values of for dyes lie between 10,000 and 500,000M -1 cm -1 , thus the exciton coupling is most likely to occur in MB dye adsorbed LB films. In our investigated mixed LB film system, we observed blue shifting along with the broadening of the spectral profile which is an indication of the formation of H-type aggregates according to the exciton model [28] [29] . With the rise in surface pressure, the density of MB molecules in the LB films increases, which in turn increases the absorbance. Moreover, the broadening along with the blue shift of the absorption maximum of mixed LB film of MB/AA compared to the absorption spectrum of pure MB solution also supports the thesis of aggregation. Though the mixed LB film appeared homogeneous in optical microscope, the AFM picture reveals a clear heterogeneous morphology. The homogeneous smooth background is due to of AA layer, and MB molecules seem to be in islands above that. This situation is attributed to the electrostatic interactions of dye molecules themselves and between the cationic sites of MB molecules and negatively charged carboxyl groups of the AA molecules.
AFM of one bi-layer MB-PAA LbL film is shown in fig.5 .7b. This picture clearly shows the nano-dimensional aggregates of dye-polymer complex with sharp and distinct edges.
From two AFM images 5.7a and 5.7b, it is evident that the size of aggregates in MB-PAA LbL film is smaller than MB-AA mixed LB film.
5.7: Conclusion:
In the present work, the formation of stable and easily transferable monolayers has been demonstrated for a water soluble dye methylene blue (MB) using a long chain fatty acid, 
